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(57) In a mobile communication system, reception
processing of a mobile station which receives data of the
same content transmitted at the same timing by a plurality
of base stations is smoothly controlled.

Two or more base stations among a plurality of base
stations transmit data of the same content at the same
timing. A base station (10) notifies a mobile station (30)
of two or more base stations (21 and 22) which transmit

the data of the same content among the plurality of base
stations. The mobile station (30) transmits information
indicating reception conditions in the mobile station (30)
of radio signals from the base stations (21, 22) notified
of, to the base station (10). According to the information
indicating the reception conditions, the base station (10)
instructs the mobile station (30) to receive the data of the
same content from the base stations (21, 22).
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Description

Technical Field

[0001] The embodiments discussed herein are related
to a mobile communication system, a base station, a mo-
bile station, and a radio communication method.

Background Art

[0002] A plurality of mobile communication systems
such as a cellular-phone system and a radio MAN (Met-
ropolitan Area Network) are currently used. For attaining
a further speeding up and large capacity of radio com-
munication, lively discussion is continuously performed
about a next generation mobile communication technol-
ogy.
[0003] For example, in a 3GPP (3rd Generation Part-
nership Project) being one of standardization organiza-
tions, there is proposed a communication standard re-
ferred to as an LTE (Long Term Evolution) enabling com-
munication using a frequency band of 20 MHz at a max-
imum. Further, as a next generation communication
standard of LTE, there is proposed a communication
standard referred to as an LTE-A (Long Term Evolution-
Advanced) enabling communication using a frequency
band of 100 MHz at a maximum.
[0004] In addition, in the LTE or LTE-A, there is studied
adoption of a data transmission method referred to as an
MBSFN (Multimedia Broadcast multicast service Single
Frequency Network). In the MBSFN, a plurality of base
stations transmit data of the same content at the same
timing by using the same frequency and modulation
scheme. Data transmitted via the MBSFN may be re-
ferred to as an MBMS (Multimedia Broadcast Multicast
Service). When radio signals from a plurality of base sta-
tions are combined, a mobile station improves reception
quality.
[0005] With regard to the MBSFN, there is proposed a
technology in which a mobile terminal receives synchro-
nization information used to receive broadcast type data
in an MBSFN area and searches for a cell in which the
MBSFN area is configured (see, for example, Patent Lit-
erature 1). Further, there is proposed a technology in
which in addition to a serving base station in which a
mobile terminal measures reception quality of each base
station and which performs scheduling of the mobile ter-
minal, other base stations selected according to the
measured quality transmit broadcast type data (see, for
example, Patent Literature 2). In addition, there is pro-
posed a technology in which for the purpose of reducing
the number of cells to be measured by a mobile terminal,
the number of adjacent cells broadcast as system infor-
mation is suppressed (see, for example, Patent Literature
3).

Citation List

Patent Literature

[0006]

PTL1: Japanese Laid-open Patent Publication No.
2009-188612
PTL2: International Publication Pamphlet No. WO
2008/038336
PTL3: International Publication Pamphlet No. WO
2007/148911

Summary of Invention

Technical Problem

[0007] Incidentally, there is the possibility that when all
base stations which exist in a certain area uniformly per-
form processing for transmitting data of the same content
at the same timing, utilization efficiency of radio resourc-
es is reduced. To cope with the problem, among the base
stations which exist in the area, the base stations which
perform the foregoing transmission processing are con-
sidered to be limited to some of them.
[0008] However, in a mobile communication system in
which base stations which perform the transmission
processing and base stations which do not perform the
transmission processing mixedly exist, how to control
mobile stations which receive data transmitted through
the foregoing transmission processing becomes prob-
lematic. Specifically, there is the possibility that the base
station is incapable of smoothly controlling reception
processing of mobile stations in a control method in which
a mobile station and a base station which gives data of
preferred reception quality to the mobile station simply
communicate with each other, as in a technology dis-
closed in Patent Literature 2.
[0009] In view of the foregoing, it is an object of the
present invention to provide a mobile communication
system, a base station, a mobile station, and a radio com-
munication method in which a base station smoothly con-
trols reception processing of the mobile station which re-
ceives data of the same content transmitted at the same
timing by a plurality of base stations.

Solution to Problem

[0010] To solve the above-described problem, there is
provided a mobile communication system. This mobile
communication system includes a plurality of base sta-
tions, and a mobile station. Among the plurality of base
stations, two or more base stations transmit data of the
same content at the same timing. A base station among
the plurality of base stations has a notification unit and a
controller, and the mobile station has a transmitter and
a receiver. The notification unit notifies the mobile station
of the two or more other base stations which transmit
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data of the same content among the plurality of base
stations. The controller instructs the mobile station to re-
ceive data of the same content from the two or more other
base stations according to information indicating recep-
tion conditions in the mobile station of radio signals from
the two or more other base stations. The transmitter
transmits information indicating reception conditions of
radio signals from the two or more other base stations
notified of by the base station. The receiver receives data
of the same content from the two or more other base
stations according to the instruction from the base sta-
tion.
[0011] To solve the above-described problem, there is
provided a radio communication method for use in a mo-
bile communication system to include a plurality of base
stations and in which two or more base stations transmit
data of the same content at the same timing among the
plurality of base stations. In this radio communication
method, a first base station among the plurality of base
stations notifies a mobile station of two or more second
base stations which transmit data of the same content
among the plurality of base stations. The mobile station
transmits information indicating reception conditions in
the mobile station of radio signals from the two or more
second base stations notified of, to the first base station.
The first base station instructs the mobile station to re-
ceive data of the same content from the two or more
second base stations according to information indicating
the reception conditions.

Advantageous Effects of Invention

[0012] According to the above-described mobile com-
munication system, base station, mobile station, and ra-
dio communication method, a base station smoothly con-
trols reception processing of the mobile station which re-
ceives data of the same content transmitted at the same
timing by a plurality of base stations.
[0013] The above-mentioned and other objects, fea-
tures and advantages of this invention will become ap-
parent from the following detailed description of the pres-
ently preferred embodiment of the invention, taken in
conjunction with the accompanying drawings.

Brief Description of Drawings

[0014]

[FIG. 1] FIG. 1 illustrates a mobile communication
system according to a first embodiment.
[FIG. 2] FIG. 2 illustrates a mobile communication
system according to a second embodiment.
[FIG. 3] FIG. 3 illustrates a structure example of a
radio frame.
[FIG. 4] FIG. 4 illustrates examples of a normal CP
and an extended CP.
[FIG. 5] FIG. 5 is a block diagram illustrating a base
station according to a second embodiment.

[FIG. 6] FIG. 6 is a block diagram illustrating an MBS-
FN transmission controller according to a second
embodiment.
[FIG. 7] FIG. 7 is a block diagram illustrating a mobile
station according to a second embodiment.
[FIG. 8] FIG. 8 is a flowchart illustrating transmission
start control according to a second embodiment.
[FIG. 9] FIG. 9 is a sequence diagram illustrating a
flow of a transmission start according to a second
embodiment.
[FIG. 10] FIG. 10 is a first flowchart illustrating trans-
mission stop control according to a second embod-
iment.
[FIG. 11] FIG. 11 is a second flowchart illustrating
transmission stop control according to a second em-
bodiment.
[FIG. 12] FIG. 12 is a sequence diagram illustrating
a flow of a transmission stop according to a second
embodiment.
[FIG. 13] FIG. 13 is a first diagram illustrating a re-
lationship between a plurality of base stations and a
mobile station.
[FIG. 14] FIG. 14 is a second diagram illustrating a
relationship between a plurality of base stations and
a mobile station.
[FIG. 15] FIG. 15 is a third diagram illustrating a re-
lationship between a plurality of base stations and a
mobile station.
[FIG. 16] FIG. 16 illustrates an example of an MBSFN
area.
[FIG. 17] FIG. 17 illustrates transmission power con-
trol of a base station.
[FIG. 18] FIG. 18 is another diagram illustrating an
example of an MBSFN area.
[FIG. 19] FIG. 19 is a block diagram illustrating an
MBSFN transmission controller according to a third
embodiment.
[FIG. 20] FIG. 20 is a flowchart illustrating transmis-
sion start control according to a third embodiment.
[FIG. 21] FIG. 21 is a first flowchart illustrating trans-
mission stop control according to a third embodi-
ment.
[FIG. 22] FIG. 22 is a second flowchart illustrating
transmission stop control according to a third em-
bodiment.
[FIG. 23] FIG. 23 is a block diagram illustrating an
MBSFN transmission controller according to a fourth
embodiment.
[FIG. 24] FIG. 24 is a block diagram illustrating an
MCE according to a fourth embodiment.
[FIG. 25] FIG. 25 is a sequence diagram illustrating
a flow of a transmission start according to a fourth
embodiment.
[FIG. 26] FIG. 26 is a sequence diagram illustrating
a flow of a transmission stop according to a fourth
embodiment.
[FIG. 27] FIG. 27 is a block diagram illustrating an
MCE according to a fifth embodiment.
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[FIG. 28] FIG. 28 is a block diagram illustrating a
mobile station according to a sixth embodiment.
[FIG. 29] FIG. 29 illustrates a mobile communication
system according to a seventh embodiment.

Description of Embodiments

[0015] Preferred embodiments of the present invention
will now be described in detail below with reference to
the accompanying drawings, wherein like reference nu-
merals refer to like elements throughout.

(First Embodiment)

[0016] FIG. 1 illustrates a mobile communication sys-
tem according to a first embodiment. The mobile com-
munication system according to the first embodiment in-
cludes a plurality of base stations and a mobile station 30.
[0017] The plurality of base stations include two or
more base stations which transmit data of the same con-
tent at the same timing in a coordinated manner. For
example, the two or more base stations perform the
above-described MBSFN transmission. The plurality of
base stations further include a base station which does
not perform the data transmission. The plurality of base
stations include base stations 10, 21, and 22. The base
stations 21 and 22 transmit the data of the same content
in a coordinated manner. The base station 10 may trans-
mit or may not have to transmit the data of the same
content along with the base stations 21 and 22.
[0018] The base station 10 has a notification unit 11
and a controller 12. The notification unit 11 notifies the
mobile station 30 of two or more other base stations (base
stations 21 and 22) which transmit the data of the same
content at the same timing among the plurality of base
stations. According to information indicating reception
conditions of the mobile station 30 of radio signals from
the base stations 21 and 22 notified of, received from the
mobile station 30, the controller 12 instructs the mobile
station 30 to receive the data of the same content from
the base stations 21 and 22. In addition to the information
about the reception conditions, for example, the base
station 10 may perform an instruction to the mobile station
30 with reference to a data transmission request from
the mobile station 30.
[0019] The mobile station 30 has a transmitter 31 and
a receiver 32. After reception of notifications from the
base stations 21 and 22 which transmit the data of the
same content at the same timing, the transmitter 31 trans-
mits information indicating the reception conditions of ra-
dio signals from the base stations 21 and 22 to the base
station 10. According to the instruction from the base
station 10 received after the transmission of the informa-
tion indicating the reception conditions, the receiver 32
receives the data of the same content from the base sta-
tions 21 and 22.
[0020] Specifically, the base station 10 notifies the mo-
bile station 30 of the base stations 21 and 22 which trans-

mit data of the same content at the same timing among
a plurality of base stations (Step S1). The mobile station
30 transmits to the base station 10 the information indi-
cating reception conditions of the mobile station 30 of
radio signals from the base stations 21 and 22 notified
of (Step S2). According to the information indicating the
reception conditions, the base station 10 instructs the
mobile station 30 to receive the data of the same content
from the base stations 21 and 22 (Step S3). After the
reception of the instruction from the base station 10, the
mobile station 30 receives the data of the same content
transmitted at the same timing by the base stations 21
and 22 (Step S4).
[0021] Here, based on performance conditions of the
data transmission of the same content in the base station
10, the notification unit 11 may notify the mobile station
30 of the base stations 21 and 22. Among mobile stations
connected to the base station 10, for example, when the
number of mobile stations which receive the data of the
same content from two or more base stations is smaller
than a predetermined threshold, the notification unit 11
is considered to perform notification. In addition, when
transmission efficiency calculated based on the data
amount transmitted in sync with other base stations by
the base station 10 and the radio resource amount usable
for transmission of the data is smaller than a predeter-
mined threshold, the notification unit 11 is considered to
perform notification.
[0022] Whether to perform notification to the mobile
station 30 may be determined at the time when the mobile
station 30 requests to the base station 10 the data trans-
mitted in a coordinated manner by two or more base sta-
tions. Alternatively, Whether to perform notification to the
mobile station 30 may be determined at the time when
the number of the mobile stations which are connected
to the base station 10 and which receive the data of the
same content from two or more base stations is reduced.
[0023] For the reception conditions of radio signals
from the base stations 21 and 22, the mobile station 30
may measure reception quality such as reception power
or radio channel quality (e.g., CIR (Carrier to Interference
Ratio)) of radio signals. Suppose that the base stations
21 and 22 transmit data of the same content and normal
data except the same in time division. In this case, the
mobile station 30 may measure reception quality by using
radio signals in duration in which data of the same content
is transmitted, or by using radio signals in duration in
which normal data is transmitted.
[0024] The information indicating reception conditions
transmitted from the transmitter 31 to the base station 10
may be information indicating reception quality of each
of the base stations 21 and 22, or information indicating
one reception quality of the entire base stations 21 and
22. Further, the information indicating reception condi-
tions may be information indicating whether the reception
quality measured in the mobile station 30 satisfies pre-
determined criteria.
[0025] Only in the case where reception quality indi-
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cated by the information about reception conditions is
higher than a predetermined threshold, the controller 12
may instruct the mobile station 30 to receive the data of
the same content from the base stations 21 and 22.
Whether to perform the instruction to the mobile station
30 may be determined by the controller 12, or by a control
device connected to the base station 10 via a network.
In the latter case, for example, the base station 10 trans-
fers to the control device the information indicating the
reception conditions received from the mobile station 30.
[0026] In the case where instructing the mobile station
30 to receive the data of the same content from the base
stations 21 and 22, the controller 12 may control the base
station 10 not to transmit the data of the same content.
On the other hand, in the case where the mobile station
30 is not instructed to receive the data of the same content
from the base stations 21 and 22 (e.g., in the case where
the reception quality measured by the mobile station 30
does not satisfy predetermined criteria), the controller 12
may control the base station 10 to transmit the data of
the same content.
[0027] The first embodiment provides a mobile com-
munication system in which the base station 10 smoothly
controls reception processing of a mobile station even
under environments in which base stations which trans-
mit data of the same content at the same timing and base
stations which do not transmit data of the same content
at the same timing mixedly exist. Namely, the base sta-
tion 10 induces the mobile station 30 to communicate
with the base stations (base stations 21 and 22) which
transmit data of the same content at the same timing
among a plurality of base stations. After inducing the mo-
bile station 30 to communicate with the base stations 21
and 22, the base station 10 may not have to transmit data
of the same content. Accordingly, these features of the
present embodiment permit the base station 10 to easily
suppress the number of the base stations which transmit
the data of the same content at the same timing, and
improve utilization efficiency of radio resources.
[0028] In the following second to seventh embodi-
ments, the radio communication method according to the
first embodiment is considered to be applied to an LTE
system or LTE-A system. Note that the foregoing radio
communication method is, as a matter of course, appli-
cable to other types of mobile communication systems.

(Second Embodiment)

[0029] FIG. 2 illustrates a mobile communication sys-
tem according to a second embodiment. The mobile com-
munication system according to the second embodiment
includes the following elements: a plurality of base sta-
tions including base stations 100 and 200, a mobile sta-
tion 300, an MCE (Multi-cell/multicast Coordination En-
tity) 410, an MME (Mobility Management Entity) 510, and
an MBMS gateway 520.
[0030] The base stations 100 and 200 are radio com-
munication apparatus capable of performing radio com-

munication with the mobile station 300. The base stations
100 and 200 are connected to the MCE 410 and MBMS
gateway 520 via a wired network. The base stations 100
and 200 perform MBSFN transmission. Specifically, the
base stations 100 and 200 receive MBMS data from the
MBMS gateway 520, and transmit the MBMS data of the
same content at the same timing by using the same fre-
quency and modulation scheme. The base stations 100
and 200 further transfer user data except the MBMS data
between an SAE (System Architecture Evolution) gate-
way (not illustrated) and the mobile station 300.
[0031] The mobile station 300 is a radio terminal ap-
paratus capable of performing radio communication be-
tween its own station and a plurality of base stations in-
cluding the base stations 100 and 200. Examples of the
mobile station 300 include a cellular phone handset and
a personal digital assistant. The mobile station 300 re-
ceives the MBSFN-transmitted MBMS data. That is, the
mobile station 300 combines radio signals from a plurality
of base stations which perform the MBSFN transmission
and performs demodulation and decoding, thereby ex-
tracting the MBMS data. As a result, a reception charac-
teristic of the MBMS data is improved. The mobile station
300 further transmits and receives user data except the
MBMS data between its own station and the currently-
connected base station. Suppose here that the mobile
station 300 is connected to the base station 100.
[0032] The MCE 410 is a communication device which
controls the MBSFN transmission through the base sta-
tions 100 and 200. The MCE 410 transmits and receives
control parameters to and from the base stations 100 and
200 via a wired network, and manages a base station
which performs the MBSFN transmission and schedules
the MBSFN transmission. According to the scheduling
result, the MCE 410 instructs the MBMS gateway 520 to
transmit the MBMS data.
[0033] The MME 510 is a communication device which
performs a mobility management, specifically, a man-
agement of in-range cells of the mobile station 300 or
paging of the mobile station 300. The MME 510 is con-
nected to the MCE 410 via a wired network.
[0034] According to the instruction from the MCE 410,
the MBMS gateway 520 is a communication device which
performs transmission processing of the MBMS data.
The MBMS gateway 520 transmits the MBMS data to the
base station which performs the MBSFN transmission.
[0035] As described above, this mobile communication
system is deployed as an LTE system or LTE-A system.
In 3GPP, specifications of the MBSFN in the LTE are
defined by a specification sheet of release 9, and spec-
ifications of the MBSFN in the LTE-A are defined by a
specification sheet of release 10.
[0036] FIG. 3 illustrates a structure example of a radio
frame. The radio frame as illustrated in FIG. 3 is trans-
mitted and received between the mobile station 300 and
any of the base stations 100 and 200. It is assumed here
that an FDD (Frequency Division Duplex) is used as a
duplex system. Specifically, the radio frame as illustrated
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in FIG. 3 is transmitted and received to respective DL
(Downlink) and UL (Uplink). Note that a TDD (Time Di-
vision Duplex) may be used as the duplex system. Fur-
ther, a structure of the radio frame is not limited thereto.
[0037] In this example, in a radio frame having a period
of 10 ms, 10 subframes (subframes #0 to #9) each having
a length of 1 ms are included. The scheduling of radio
resources is performed in units of subframe. A radio re-
source in the subframe is segmentalized in the time di-
rection and frequency direction for management. A min-
imum unit in the frequency direction is a subcarrier, and
a minimum unit in the time direction is a symbol. Each
subframe includes 12 or 14 symbols as described later.
[0038] The above-described radio resource having an
area of frequency x time is allocated to various channels.
On a DL radio frame, a PDSCH (Physical Downlink
Shared CHannel) for transmitting normal user data ex-
cept the MBMS data or control parameters of an upper
layer is provided. A PDCCH (Physical Downlink Control
CHannel) for transmitting an L1/L2 (Layer 1/layer 2) con-
trol signal is further provided on the DL radio frame. In
addition, a PMCH (Physical Multicast CHannel) for trans-
mitting the MBMS data and MBSFN control signal is pro-
vided on the DL radio frame.
[0039] On the DL radio frame, a P-SCH (Primary Syn-
chronization CHannel) and S-SCH (Secondary Synchro-
nization CHannel) for transmitting a synchronization sig-
nal are further provided. In the DL radio frame, an RS
(Reference Signal) as a known pilot signal is transmitted.
[0040] On a UL radio frame, a PUSCH (Physical Uplink
Shared CHannel) for transmitting user data or control
parameters is provided. A PUCCH (Physical Uplink Con-
trol CHannel) for transmitting an L1/L2 (Layer 1/Layer 2)
control signal is further provided on the UL radio frame.
[0041] Here, the MBMS data is transmitted by using
an MTCH (Multicast Traffic CHannel) as a logical chan-
nel. The MBSFN control signal is transmitted by using
an MCCH (Multicast Control CHannel) as a logical chan-
nel. The MTCH and MCCH are mapped to an MCH (Mul-
ticast CHannel) as a traffic channel. The MCH is mapped
to the PMCH as a physical channel.
[0042] A subframe (MBSFN subframe) used to trans-
mit the MBSFN is different from other subframes (normal
subframes) in a symbol structure. Specifically, the normal
subframe includes 14 symbols and each symbol includes
the after-mentioned normal CP (Cyclic Prefix). On the
other hand, the MBSFN subframe includes 12 symbols,
and each symbol includes the after-mentioned extended
CP. The normal CP is different from the extended CP in
a signal length. Barring some exceptions, user data ex-
cept the MBMS data is not transmitted in the MBSFN
subframe.
[0043] As a multiple access scheme, for example, an
OFDMA (Orthogonal Frequency Division Multiple Ac-
cess) is used in the DL radio frame. On the other hand,
for example, an SC-FDMA (Single-Carrier Frequency Di-
vision Multiple Access) or NxSC-FDMA (N times SC-FD-
MA) is used in the UL radio frame.

[0044] FIG. 4 illustrates examples of the normal CP
and extended CP. As illustrated in FIG. 4, each symbol
has a valid symbol as a data portion and a CP as a guard
interval. The CP is obtained by reproducing a signal in
an end portion of the valid symbol, and added to a front
portion of the valid symbol. A time length of the normal
CP is 4.69 msec and a time length of the extended CP is
16.67 msec. In the case of using the normal CP and the
extended CP, a valid symbol length is the same as each
other.
[0045] As described above, the extended CP is used
in the MBSFN subframe. The mobile station 300 com-
bines with an advance wave a delay wave in which a
delay time is smaller than or equal to a time length of the
CP, thereby performing demodulation. Therefore, when
using the extended CP, the mobile station 300 combines
and demodulates a signal from a farther base station as
compared with the case of using the normal CP.
[0046] FIG. 5 is a block diagram illustrating a base sta-
tion according to the second embodiment. The base sta-
tion 100 includes the following elements: an antenna 111,
a radio receiver 112, a demodulation and decoding unit
113, a quality information extraction unit 114, a scheduler
115, a control parameter generation unit 116, an MBSFN
request extraction unit 117, an MBSFN transmission con-
troller 120, an MBSFN control signal generation unit 131,
a measurement request generation unit 132, a synchro-
nization signal generation unit 133, an RS generation
unit 134, a mapping unit 135, a coding and modulation
unit 136, and a radio transmitter 137. Also, other base
stations are deployed by the same block structure as that
of the base station 100.
[0047] The antenna 111 receives a radio signal trans-
mitted by the mobile station 300, and supplies it to the
radio receiver 112. On the other hand, the antenna 111
wirelessly outputs the transmission signal produced from
the radio transmitter 137. In place of the antenna 111
used for both transmission and reception, a transmission
antenna and a reception antenna may be separately pro-
vided on the base station 100. Diversity transmission may
be further performed by using a plurality of antennas.
[0048] The radio receiver 112 radio-signal processes
a signal received from the antenna 111, and performs
conversion (down-convert) from a high frequency radio
signal to a low frequency baseband signal. For process-
ing a radio signal, for example, the radio receiver 112
has circuits such as an LNA (Low Noise Amplifier), a
frequency converter, a BPF (Band Pass Filter), and an
A/D (Analog to Digital) converter.
[0049] The demodulation and decoding unit 113 de-
modulates and error-correction decodes a baseband sig-
nal produced from the radio receiver 112. The demodu-
lation and decoding are performed by a predetermined
MCS (Modulation and Coding Scheme) or a scheme cor-
responding to the modulation and coding scheme in-
structed by the scheduler 115. The demodulation and
decoding unit 113 transfers the extracted user data to an
SAE gateway.
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[0050] The quality information extraction unit 114 ex-
tracts quality information indicating a measurement re-
port of reception quality, being control parameters trans-
mitted by the mobile station 300. The quality information
extraction unit 114 then supplies the quality information
about normal data transmission to the scheduler 115,
and supplies the quality information about MBSFN trans-
mission to the MBSFN transmission controller 120.
[0051] Based on the quality information produced from
the quality information extraction unit 114, the scheduler
115 allocates radio resources to the mobile station 300.
The scheduler 115 then notifies of allocation conditions
on the radio resources the radio receiver 112, the de-
modulation and decoding unit 113, the control parameter
generation unit 116, the coding and modulation unit 136,
and the radio transmitter 137. Based on the quality infor-
mation, the scheduler 115 adaptively selects a modula-
tion and coding scheme. The scheduler 115 then notifies
the demodulation and decoding unit 113, the control pa-
rameter generation unit 116, and the coding and modu-
lation unit 136 of the selected modulation and coding
scheme.
[0052] Based on the notification from the scheduler
115, the control parameter generation unit 116 generates
control parameters to be transmitted by using the PD-
CCH. The control parameters include information indi-
cating allocation of radio resources and information indi-
cating the modulation and coding scheme applied to the
user data. The control parameter generation unit 116
supplies the generated control parameters to the map-
ping unit 135.
[0053] The MBSFN request extraction unit 117 ex-
tracts the MBSFN request (control parameters indicating
a request of the MBSFN transmission) transmitted by the
mobile station 300. The MBSFN request includes infor-
mation indicating the MBMS data, and is transmitted by
the PUSCH provided on the UL radio frame. The MBSFN
request extraction unit 117 supplies the extracted MBS-
FN request to the MBSFN transmission controller 120.
[0054] The MBSFN transmission controller 120 con-
trols the MBSFN transmission in cooperation with the
MCE 410. Specifically, when the MBSFN request is re-
ceived from the MBSFN request extraction unit 117, the
MBSFN transmission controller 120 transfers it to the
MCE 410. In the case where performance conditions of
the MBSFN transmission through the base station 100
satisfy a predetermined condition, the MBSFN transmis-
sion controller 120 notifies the measurement request
generation unit 132 of peripheral base stations which per-
form the MBSFN transmission.
[0055] In the case where the reception quality indicated
by the quality information produced from the quality in-
formation extraction unit 114 satisfies a predetermined
condition, the MBSFN transmission controller 120 noti-
fies the MBSFN control signal generation unit 131 of an
instruction for causing the mobile station 300 to receive
the MBMS data from other base stations. The MBSFN
transmission controller 120 further requests the MCE 410

to stop the MBSFN transmission. When connected to the
base station 100 and detecting that the number of the
mobile stations which receive the MBMS data is reduced,
the MBSFN transmission controller 120 may perform the
same control as that at the time of receiving the MBSFN
request.
[0056] According to the notification from the MBSFN
transmission controller 120, the MBSFN control signal
generation unit 131 generates a control signal indicating
the instruction for causing the mobile station 300 to re-
ceive the MBMS data from other base stations. Based
on the control parameters received from the MCE 410,
the MBSFN control signal generation unit 131 further
generates the MBSFN control signal used to receive the
MBMS data. The MBSFN control signal generation unit
131 supplies the generated control signal to the mapping
unit 135.
[0057] The measurement request generation unit 132
receives the notification from the MBSFN transmission
controller 120 and generates a measurement request of
reception quality toward the mobile station 300. The
measurement request includes information indicating the
base station which performs the MBSFN transmission
among the peripheral base stations (e.g., other base sta-
tions existing in the same MBSFN area as that of the
base station 100). The measurement request generation
unit 132 supplies the generated measurement request
to the mapping unit 135.
[0058] The synchronization signal generation unit 133
generates a synchronization signal (a primary synchro-
nization signal and a secondary signal) corresponding to
a cell ID given to a cell managed by the base station 100.
The synchronization signal generation unit 133 supplies
the generated synchronization signals to the mapping
unit 135.
[0059] The RS generation unit 134 generates a refer-
ence signal as a known pilot signal. The RS generation
unit 134 supplies the generated reference signal to the
mapping unit 135.
[0060] The mapping unit 135 maps the MBMS data
received from the MBMS gateway 520 and user data
except the MBMS data received from the SAE gateway
to the DL radio frame. The mapping unit 135 further maps
to the DL radio frame the control parameters/control sig-
nals produced from the control parameter generation unit
116, MBSFN control signal generation unit 131, meas-
urement request generation unit 132, synchronization
signal generation unit 133, and RS generation unit 134.
The mapping unit 135 sequentially supplies the mapped
data to the coding and modulation unit 136.
[0061] The coding and modulation unit 136 error-cor-
rection codes and modulates the data produced from the
mapping unit 135, and generates a baseband signal as
a transmission signal to supply it to the radio transmitter
137. For the coding and modulation, the coding and mod-
ulation unit 136 uses the predetermined modulation and
coding scheme or the modulation and coding scheme
instructed by the scheduler 115.

11 12 



EP 2 566 253 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0062] The radio transmitter 137 radio-signal process-
es the transmission signal produced from the coding and
modulation unit 136 and performs conversion (up-con-
vert) from a low-frequency baseband signal to a high-
frequency radio signal. For processing a radio signal, for
example, the radio transmitter 137 has circuits such as
a D/A (Digital to Analog) converter, a frequency convert-
er, a BPF, and a power amplifier.
[0063] FIG. 6 is a block diagram illustrating the MBSFN
transmission controller according to the second embod-
iment. The MBSFN transmission controller 120 has a mo-
bile station number management unit 121, a quality
threshold storage unit 122, a quality determination unit
123, a transmission determination unit 124, and a meas-
urement request controller 125.
[0064] Among the mobile stations connected to the
base station 100, the mobile station number manage-
ment unit 121 manages the number of the mobile stations
which receive the MBMS data from the base station 100.
When the MBSFN request is produced from the MBSFN
request extraction unit 117, the mobile station number
management unit 121 increments the number of the mo-
bile stations. On the other hand, when detecting that the
mobile station connected to the base station 100 hands
over to another cell or stops receiving the MBMS data,
the mobile station number management unit 121 decre-
ments the number of the mobile stations.
[0065] The quality threshold storage unit 122 stores a
threshold of reception quality used to determine whether
the mobile station 300 receives the MBMS data from oth-
er base stations.
[0066] When quality information on the MBSFN trans-
mission is produced from the quality information extrac-
tion unit 114, the quality determination unit 123 compares
the reception quality indicated by the quality information
with the threshold stored in the quality threshold storage
unit 122. At this time, in the case where the produced
quality information is information indicating reception
quality of each of the base stations which perform the
MBSFN transmission, the quality determination unit 123
carries out statistical treatment of the indicated reception
qualities and calculates reception quality of the entire two
or more base stations, thereby comparing it with the
threshold. The quality determination unit 123 then notifies
the transmission determination unit 124 whether the re-
ception quality is higher than or equal to the threshold.
[0067] When the MBSFN request is produced from the
MBSFN request extraction unit 117, the transmission de-
termination unit 124 transfers the MBSFN request to the
MCE 410 and compares the number of the mobile sta-
tions managed by the mobile station number manage-
ment unit 121 with the predetermined threshold. In the
case where the number of the mobile stations is smaller
than the threshold, the transmission determination unit
124 notifies the measurement request controller 125 that
the measurement request is transmitted. When notified
by the quality determination unit 123 that the reception
quality is higher than or equal to the threshold, the trans-

mission determination unit 124 then requests the MCE
410 to stop transmitting the MBMS data and notifies the
MBSFN control signal generation unit 131 of an instruc-
tion for causing the mobile station 300 to receive the
MBMS data from other base stations.
[0068] Specifically, when both the number of the mo-
bile stations which receive the MBMS data and the re-
ception quality satisfy the conditions, the transmission
determination unit 124 controls the base station 100 not
to transmit the MBMS data. On the other hand, when at
least one of the number of the mobile stations and the
reception quality does not satisfy the condition, the trans-
mission determination unit 124 controls the base station
100 to transmit the MBMS data.
[0069] When detecting that the number of the mobile
stations which receive the MBMS data is reduced, the
transmission determination unit 124 compares the
number of the mobile stations managed by the mobile
station number management unit 121 with the predeter-
mined threshold. In the case where the number of the
mobile stations is smaller than the threshold, similarly
when obtaining the MBSFN request, the transmission
determination unit 124 controls the base station 100 not
to transmit the MBMS data. At this time, in addition to the
fact that the number of the mobile stations is smaller than
the threshold, the reception quality may be set to be high-
er than or equal to the threshold as a condition. Further,
the threshold used for control at the time of obtaining the
MBSFN request and the threshold used for control at the
time of detecting that the number of the mobile stations
is reduced may be the same as each other or different
from each other.
[0070] The measurement request controller 125 man-
ages a base station which performs the MBSFN trans-
mission among the peripheral base stations. The meas-
urement request controller 125 receives the notification
from the transmission determination unit 124, and notifies
the measurement request generation unit 132 of the base
station which performs the MBSFN transmission.
[0071] FIG. 7 is a block diagram illustrating the mobile
station according to the second embodiment. The mobile
station 300 includes the following elements: an antenna
311, a radio receiver 312, a demodulation and decoding
unit 313, a control parameter extraction unit 314, an MBS-
FN control signal extraction unit 315, an MBSFN recep-
tion controller 316, a terminal controller 317, an MBSFN
request generation unit 318, a synchronization signal ex-
traction unit 319, a synchronization controller 320, an RS
extraction unit 321, a quality measurement unit 322, a
quality information generation unit 323, a coding and
modulation unit 324, and a radio transmitter 325. Also,
the other mobile stations are deployed by the same block
structure as that of the mobile station 300.
[0072] The antenna 311 receives a radio signal trans-
mitted by one or more base stations and supplies it to
the radio receiver 312. On the other hand, the antenna
311 wirelessly outputs a transmission signal produced
from the radio transmitter 325. In place of the antenna
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311 used for both transmission and reception, a trans-
mission antenna and a reception antenna may be sepa-
rately provided on the mobile station 300. Diversity trans-
mission may be further performed by using a plurality of
antennas.
[0073] The radio receiver 312 radio-signal processes
a signal produced from the antenna 311, and performs
down conversion from a radio signal to a baseband sig-
nal. For processing a radio signal, for example, the radio
receiver 312 has circuits such as an LNA, a frequency
converter, a BPF, and an A/D converter.
[0074] The demodulation and decoding unit 313 de-
modulates and error-correction decodes the baseband
signal produced from the radio receiver 312. The demod-
ulation and decoding are performed by a scheme corre-
sponding to a predetermined modulation and coding
scheme or the modulation and coding scheme instructed
by the terminal controller 317.
[0075] Here, in the case where the MBMS data trans-
mitted by the MBSFN is received, a signal of the same
content transmitted by a plurality of base stations is su-
perimposed on the reception signal. That is, it is viewed
from the mobile station 300 that an advance wave and a
delay wave are superimposed. In this case, the radio
receiver 312 extracts also a signal corresponding to a
delay wave in which a delay time is smaller than or equal
to a CP length. The demodulation and decoding unit 313
performs demodulation and decoding with respect to a
signal obtained by combining the extracted signals from
each base station.
[0076] The control parameter extraction unit 314 ex-
tracts the control parameters transmitted by the PDCCH
(or, PDSCH). The control parameters include information
indicating radio resources allocated for the PDSCH or
PUSCH and information indicating the modulation and
coding scheme applied to the above channels. The con-
trol parameter extraction unit 314 supplies the extracted
control parameters to the terminal controller 317.
[0077] The MBSFN control signal extraction unit 315
extracts a control signal about the MBSFN. The herein
extracted control signal includes a signal indicating a
measurement request of the reception quality, a signal
indicating the instruction for causing the mobile station
300 to receive the MBMS data from base stations except
the connected base station, and the MBSFN control sig-
nal transmitted by the PMCH. The measurement request
includes a signal indicating a base station which performs
the MBSFN transmission. The MBSFN control signal in-
cludes radio resources used to transmit the MBMS data
and a signal indicating the modulation and coding
scheme applied to the MBMS data. The MBSFN control
signal extraction unit 315 supplies the extracted control
signal to the MBSFN reception controller 316.
[0078] When starting to receive the MBMS data, the
MBSFN reception controller 316 instructs the MBSFN
request generation unit 318 to transmit the MBSFN re-
quest. Based on the control signal produced from the
MBSFN control signal extraction unit 315, the MBSFN

reception controller 316 further controls reception
processing of the MBMS data. Specifically, when obtain-
ing the measurement request of reception quality, the
MBSFN reception controller 316 notifies the quality
measurement unit 322 of the base station which performs
the MBSFN transmission and instructs the quality meas-
urement unit 322 to perform the quality measurement.
When obtaining a signal indicating the instruction for
causing the mobile station 300 to receive the MBMS data
or the MBSFN control signal from other base stations,
the MBSFN reception controller 316 further notifies the
terminal controller 317 of contents of the control signal,
and instructs the terminal controller 317 to receive the
MBMS data.
[0079] Based on the control parameters produced from
the control parameter extraction unit 314, the terminal
controller 317 controls transmission and reception of user
data except the MBMS data. Based on the information
notified of by the MBSFN reception controller 316, the
terminal controller 317 further controls reception of the
MBMS data. The terminal controller 317 then controls
operations of the radio receiver 312, demodulation and
decoding unit 313, coding and modulation unit 324, and
radio transmitter 325.
[0080] The MBSFN request generation unit 318 re-
ceives the instruction from the MBSFN reception control-
ler 316 and generates the MBSFN request, namely, con-
trol parameters indicating a start request of the MBSFN
transmission. The MBSFN request generation unit 318
supplies the generated MBSFN request to the coding
and modulation unit 324.
[0081] The synchronization signal extraction unit 319
extracts the synchronization signal (the primary synchro-
nization signal and secondary synchronization signal)
transmitted by the P-SCH and S-SCH, and supplies it to
the synchronization controller 320.
[0082] Based on the synchronization signal produced
from the synchronization signal extraction unit 319, the
synchronization controller 320 detects timing about a ra-
dio frame. The synchronization controller 320 then noti-
fies of the detected timing the radio receiver 312, demod-
ulation and decoding unit 313, RS extraction unit 321,
coding and modulation unit 324, and radio transmitter
325, and feeds back it to the synchronization signal ex-
traction unit 319.
[0083] The RS extraction unit 321 extracts a reference
signal included in the DL radio frame, and supplies the
extracted reference signal to the quality measurement
unit 322.
[0084] By using the reference signal produced from
the RS extraction unit 321, the quality measurement unit
322 measures reception quality (or, radio channel qual-
ity) such as a CIR. When the base station is notified of
by the MBSFN reception controller 316, the quality meas-
urement unit 322 measures the reception quality about
the base station notified of. The quality measurement
unit 322 supplies the measurement result to the quality
information generation unit 323 and feeds back it to the
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RS extraction unit 321.
[0085] The reception quality of the base station which
performs the MBSFN transmission may be measured by
using the reference signal included in a normal subframe,
or by using the reference signal included in an MBSFN
subframe. In the former case, the reception quality in
each base station may be measured. In the latter case,
the reception quality of the entire two or more base sta-
tions which perform the MBSFN transmission may be
measured. In the case where the base station to which
the mobile station 300 is connected performs the MBSFN
transmission, the quality measurement unit 322 may fur-
ther measure the reception quality on the MBSFN trans-
mission of the connected base station.
[0086] The quality information generation unit 323 gen-
erates quality information being control parameters indi-
cating the reception quality measured by the quality
measurement unit 322. Examples of the quality informa-
tion include a CQI (Channel Quality Indication) in which
the reception quality is indicated by a discrete value. The
quality information generation unit 323 supplies the gen-
erated quality information to the coding and modulation
unit 324. The quality information may be information in-
dicating the reception quality in each base station, or in-
formation indicating reception quality of the entire base
stations which perform the MBSFN transmission. In the
latter case, the quality information generation unit 323
may carry out statistical treatment of the reception qual-
ities measured in respective base stations, and calculate
the entire reception quality.
[0087] The coding and modulation unit 324 error-cor-
rection codes and modulates the user data, MBSFN re-
quest, and quality information to be transmitted by the
PUSCH, and maps them to the UL radio resource allo-
cated to the mobile station 300. For the coding and mod-
ulation, the coding and modulation unit 324 uses the pre-
determined modulation and coding scheme or the mod-
ulation and coding scheme instructed by the terminal
controller 317. The coding and modulation unit 324 sup-
plies the baseband signal as a transmission signal to the
radio transmitter 325.
[0088] The radio transmitter 325 radio-signal process-
es the transmission signal produced from the coding and
modulation unit 324 and performs up-conversion from a
baseband signal to a radio signal. For processing a radio
signal, for example, the radio transmitter 325 has circuits
such as a D/A converter, a frequency converter, a BPF,
and a power amplifier.
[0089] FIG. 8 is a flowchart illustrating the transmission
start control according to the second embodiment. The
control process illustrated in FIG. 8 includes the following
steps:

(Step S11) The base station 100 receives the MBS-
FN request from the mobile station 300.
(Step S12) Among mobile stations connected to the
base station 100, the transmission determination
unit 124 confirms the number of the mobile stations

which receive the MBMS data from the base station
100.
(Step S13) The transmission determination unit 124
determines whether the number of the mobile sta-
tions confirmed at step S12 is smaller than a prede-
termined threshold. If so, the process advances to
step S14. If not, the process proceeds to step S19.
(Step S14) Among peripheral base stations (e.g., a
plurality of base stations included in the same MBS-
FN area as that of the base station 100), the meas-
urement request controller 125 searches for a base
station which performs the MBSFN transmission.
Note that the searched-for base station may be lim-
ited to a base station which transmits the same
MBMS data as that requested by the mobile station
300.
(Step S15) The measurement request controller 125
determines whether a base station which performs
the MBSFN transmission exists. If so, the process
advances to step S16. If not, the process proceeds
to step S19. At this time, only in the case where the
number of the base stations which perform the MBS-
FN transmission is two or more (or, a predetermined
number greater than two), the process may advance
to step S16. If not, the process may proceed to step
S19.
(Step S16) The base station 100 transmits to the
mobile station 300 a measurement request including
information indicating a base station which performs
the MBSFN transmission. The base station 100 then
receives quality information on the base station no-
tified of from the mobile station 300.
(Step S17) The quality determination unit 123 deter-
mines whether reception quality indicated by the
quality information from the mobile station 300 sat-
isfies criteria, namely, the mobile station 300 re-
ceives the MBMS data from base stations except the
base station 100. If so, the process advances to step
S18. If not, the process proceeds to step S19.
(Step S18) The base station 100 notifies the mobile
station 300 that the MBMS data is received from oth-
er base stations which perform the MBSFN trans-
mission. At this time, the base station 100 may not
have to transmit the MBMS data requested by the
mobile station 300.
(Step S19) The base station 100 transmits the
MBMS data requested by the mobile station 300.
The mobile station 300 receives the MBMS data also
from the base station 100.

[0090] Through the above steps, even in the case
where the MBSFN request is received from the mobile
station 300, when the number of subordinate mobile sta-
tions which receive the MBMS data is smaller than a
threshold and reception quality of the mobile station 300
is greater than or equal to the threshold, the base station
100 does not transmit the requested MBMS data. In the
case where the MBMS data requested by the mobile sta-
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tion 300 is already transmitted, the base station 100 may
continue to transmit the MBMS data regardless of the
number of the mobile stations.
[0091] FIG. 9 is a sequence diagram illustrating a flow
of a transmission start according to the second embod-
iment. The following section will now discuss the case
where the base station 200 performs MBSFN transmis-
sion and the base station 100 does not transmit the re-
quested MBMS data. The process illustrated in FIG. 9
includes the following steps:

(Step S111) The mobile station 300 transmits an
MBSFN request to the base station 100.
(Step S112) The base station 100 transfers the MBS-
FN request to the MCE 410.
(Step S113) The base station 100 confirms that per-
formance conditions of the MBSFN transmission of
its own station satisfy a predetermined condition, and
transmits a measurement request to the mobile sta-
tion 300. In the measurement request, information
indicating base stations (at least including the base
station 200) which perform the MBSFN transmission
is included. Note that processes of steps S112 and
S113 may be performed in reverse.
(Step S114) The base station 200 transmits a syn-
chronization signal through the DL radio frame. The
mobile station 300 synchronizes with the base sta-
tion 200 by using the received synchronization sig-
nal.
(Step S115) The base station 200 transmits a refer-
ence signal through the DL radio frame. The mobile
station 300 measures reception quality about the
MBSFN transmission by using the received refer-
ence signal. In the case where notified by the base
station 100 of a plurality of base stations, the mobile
station 300 may perform processes of steps S114
and S115 for each of the base station notified of.
(Step S116) The mobile station 300 transmits quality
information indicating the reception quality about the
MBSFN transmission measured at step S115 to the
base station 100.
(Step S117) The base station 100 confirms that the
reception quality about the MBSFN transmission sat-
isfies a predetermined condition, and transmits to
the MCE 410 an MBSFN stop request indicating that
its own station does not transmit the MBMS data
requested by the mobile station 300.
(Step S118) The MCE 410 transmits to the base sta-
tion 100 an MBSFN stop notification as a response
to the MBSFN stop request.
(Step S119) The base station 100 instructs the mo-
bile station 300 to receive the MBMS data from other
base stations. Note that transmission of the MBSFN
stop request of step S117 and the process of step
S119 may be performed in reverse. Further, before
receiving the MBSFN stop notification of step S118,
the process of step S119 may be performed.
(Step S120) The MCE 410 transmits control param-

eters (e.g., information indicating radio resources or
modulation and coding scheme used to transmit the
MBMS data) on the MBMS data requested by the
mobile station 300 to base stations, including the
base station 200, which perform the MBSFN trans-
mission.
(Step S121) The MCE 410 transmits to the MBMS
gateway 520 the control parameters (e.g., informa-
tion indicating a base station which transmits the
MBMS data) on the MBMS data requested by the
mobile station 300.
(Step S122) The MBMS gateway 520 transmits the
MBMS data to the base stations which include the
base station 200 and perform the MBSFN transmis-
sion.
(Step S123) Based on the MBSFN control parame-
ters received at step S120, the base station 200 gen-
erates an MBSFN control signal and transmits it
through the MBSFN subframe.
(Step S124) The base station 200 transmits the
MBMS data received at step S122 through the MBS-
FN subframe.

[0092] FIG. 10 is a first flowchart illustrating transmis-
sion stop control according to the second embodiment.
It is assumed here that the mobile station 300 receives
the MBMS data from the base station 100. The control
process illustrated in FIG. 10 includes the following steps:

(Step S21) Among the mobile stations connected to
the base station 100, the transmission determination
unit 124 detects that the number of the mobile sta-
tions which receive the MBMS data from the base
station 100 is reduced.
(Step S22) The transmission determination unit 124
determines whether the reduced number of the mo-
bile stations is smaller than a predetermined thresh-
old. If so, the process proceeds to step S23. If not,
the process ends.
(Step S23) Among the peripheral base stations, the
measurement request controller 125 searches for a
base station which currently performs the MBSFN
transmission. The searched-for base station may be
limited to a base station which transmits the same
MBMS data as that received by the mobile station
300.
(Step S24) The measurement request controller 125
determines whether a base station which performs
the MBSFN transmission exists. If so, the process
proceeds to step S25. If not, the process ends. At
this time, the number of the base stations which per-
form the MBSFN transmission may be set to two or
more (or, a predetermined number greater than two)
as a condition.
(Step S25) The base station 100 notifies the mobile
station 300 that the MBMS data is received from oth-
er base stations which perform the MBSFN trans-
mission.
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(Step S26) The base station 100 stops transmitting
the MBMS data received from its own station by the
mobile station 300.

[0093] Through the above steps, when the number of
the mobile stations is smaller than the threshold, the
transmission of the MBMS data is supposed to be
stopped. On the other hand, as described above, when
the number of the mobile stations is smaller than the
threshold and the reception quality of the mobile station
300 is higher than or equal to the threshold, the trans-
mission of the MBMS data may be stopped.
[0094] FIG. 11 is a second flowchart illustrating the
transmission stop control according to the second em-
bodiment. In a control process illustrated in FIG. 11, steps
S24a and S24b as described below are performed be-
tween the steps S24 and S25 of the control process il-
lustrated in FIG. 10.

(Step S24a) The base station 100 transmits to the
mobile station 300 a measurement request including
information indicating the base station which per-
forms the MBSFN transmission. The base station
100 then receives quality information on the base
station notified of, from the mobile station 300.
(Step S24b) The quality determination unit 123 de-
termines whether the reception quality indicated by
the quality information received from the mobile sta-
tion 300 satisfies criteria. If so, the process proceeds
to step S25. If not, the process ends.

[0095] Specifically, when the number of subordinate
mobile stations which receive the MBMS data is smaller
than the threshold, the base station 100 stops receiving
the MBMS data. Or alternatively, in the case where the
number of the mobile stations is smaller than the thresh-
old and the reception quality of the mobile stations which
receive the MBMS data is higher than or equal to the
threshold, the base station 100 stops transmitting the
MBMS data. In the case where a plurality of mobile sta-
tions receive the MBMS data, determination whether
transmission of step S24b is stopped may be performed
with respect to each of the plurality of mobile stations, or
with respect to the plurality of mobile stations as a whole.
In the latter case, for example, the reception quality of all
the mobile stations is supposed to satisfy the criteria as
a condition.
[0096] FIG. 12 is a sequence diagram illustrating a flow
of the transmission stop according to the second embod-
iment. The following section will now discuss the case
where the base station 200 performs the MBSFN trans-
mission and the base station 100 stops transmitting the
MBMS data according to the control process illustrated
in FIG. 11. The sequence illustrated in FIG. 12 includes
the following steps:

(Step S131) The base station 100 detects that the
number of the mobile stations which receive the

MBMS data from the base station 100 is reduced,
among the mobile stations connected to its own sta-
tion.
(Step S132) The base station 100 confirms that per-
formance conditions of the MBSFN transmission of
its own station satisfy a predetermined condition, and
transmits a measurement request to the mobile sta-
tion 300. In the measurement request, information
indicating the base stations (including at least the
base station 200) which perform the MBSFN trans-
mission is included.
(Step S133) The base station 200 transmits a syn-
chronization signal through the DL radio frame. The
mobile station 300 synchronizes with the base sta-
tion 200 by using the received synchronization sig-
nal.
(Step S134) The base station 200 transmits a refer-
ence signal through the DL radio frame. The mobile
station 300 measures the reception quality about the
MBSFN transmission by using the received refer-
ence signal.
(Step S135) The mobile station 300 transmits to the
base station 100 quality information indicating the
reception quality about the MBSFN transmission
measured at step S134.
(Step S136) The base station 100 confirms that the
reception quality about the MBSFN transmission sat-
isfies a predetermined condition, and transmits to
the MCE 410 an MBSFN stop request indicating that
its own station stops transmitting the MBMS data.
(Step S137) The MCE 410 transmits to the base sta-
tion 100 an MBSFN stop notification as a response
to the MBSFN stop request.
(Step S138) The base station 100 instructs the mo-
bile station 300 to receive the MBMS data from other
base stations. Note that transmission of the MBSFN
stop request of step S136 and the process of step
S138 may be performed in reverse. Further, before
receiving the MBSFN stop notification of step S137,
the process of step S138 may be performed.
(Step S139) To base stations which include the base
station 200 and perform the MBSFN transmission,
the MCE 410 transmits the control parameters (e.g.,
information indicating radio resources or modulation
and coding scheme used to transmit the MBMS data)
on the MBMS data received by the mobile station
300.
(Step S140) The MCE 410 transmits to the MBMS
gateway 520 the control parameters (e.g., informa-
tion indicating a base station which transmits the
MBMS data) on the MBMS data received by the mo-
bile station 300.
(Step S141) The MBMS gateway 520 transmits the
MBMS data to the base stations which include the
base station 200 and perform the MBSFN transmis-
sion.
(Step S142) Based on the MBSFN control parame-
ters received at step S139, the base station 200 gen-
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erates an MBSFN control signal and transmits it
through the MBSFN subframe.
(Step S143) The base station 200 transmits the
MBMS data received at step S141 through the MBS-
FN subframe.

[0097] Incidentally, in the sequences illustrated in
FIGS. 9 and 12, when the base station 100 does not
transmit the MBMS data, the mobile station 300 receives
the MBSFN control signal from the base station 200.
However, the mobile station 300 receives the MBSFN
control signal and the user data except the MBMS data
from any of the base stations. With regard to the above
matter, several options are considered as described be-
low.
[0098] FIG. 13 is a first diagram illustrating a relation-
ship between a plurality of base stations and a mobile
station. As illustrated in FIG. 13, the mobile station 300
is connected to the base station 100 and receives the
MBMS data from the base station 200 while receiving an
instruction from the base station 100. At this time, the
mobile station 300 receives the MBSFN control signal
from the base station 100. The mobile station 300 further
receives user data (normal data) except the MBMS data
from the base station 100. That is, in the example of FIG.
13, while keeping connection to the base station 100, the
mobile station 300 receives only the MBMS data from
base stations except the base station 100.
[0099] FIG. 14 is a second diagram illustrating a rela-
tionship between a plurality of base stations and a mobile
station. As illustrated in FIG. 14, the mobile station 300
is connected to the base station 100 and receives the
MBMS data from the base station 200 while receiving an
instruction from the base station 100. At this time, the
mobile station 300 receives also the MBSFN control sig-
nal from the base station 200. On the other hand, the
mobile station 300 receives user data except the MBMS
data from the base station 100. That is, in the example
of FIG. 14, while keeping connection to the base station
100, the mobile station 300 receives only the MBMS data
and MBSFN control signal from base stations except the
base station 100.
[0100] FIG. 15 is a third diagram illustrating a relation-
ship between a plurality of base stations and a mobile
station. As illustrated in FIG. 15, the mobile station 300
is connected to the base station 100, and receives the
MBMS data from the base station 200 while receiving
the instruction from the base station 100. At this time, the
mobile station 300 receives from the base station 200
the MBSFN control signal and also user data except the
MBMS data. That is, in the example of FIG. 15, the mobile
station 300 switches (hands over) a connection destina-
tion from the base station 100 to the base station 200.
As a base station being a handover destination, for ex-
ample, a base station having highest reception quality
may be selected in the mobile station 300 from among
the base stations which perform the MBSFN transmis-
sion.

[0101] Through the above-described control, some
base stations stop transmitting the MBMS data from
among a plurality of base stations which exist in an MBS-
FN area.
[0102] FIG. 16 illustrates an example of an MBSFN
area. In this example, cells #1 to #19 are included in the
MBSFN area. The cell #1 is a cell managed by the base
station 100 and the mobile station 300 exists in the cell
#1. Among the cells #1 to #19, the cells #2, #4, #6, #10,
#14, and #18 transmit the MBMS data received by the
mobile station 300, and the other cells do not transmit
the MBMS data. The mobile station 300 combines and
demodulates radio signals from the cells #2, #4, #6, #10,
#14, and #18, thereby extracting the MBMS data.
[0103] Here, think of utilization efficiency of radio re-
sources. As described above, since the MBSFN sub-
frame and the normal subframe are different in the struc-
ture, the MBMS data and user data except the MBMS
data are not transmitted through the same subframe.
Therefore, in the case where the amount of the MBMS
data to be transmitted is small, empty radio resources
unused in the MBSFN subframe are generated and uti-
lization efficiency thereof is reduced. The number of the
base stations which perform the MBSFN transmission is
suppressed, thereby alleviating this problem.
[0104] Suppose, for example, that before performing
stop control of the MBSFN transmission, the MBSFN
subframe is transmitted in all the cells #1 to #19. Ten
mobile stations which receive the MBSFN subframe are
supposed to exist in the cells #2, #4, #6, #10, #14, and
#18, respectively, and one mobile station which receives
the MBSFN subframe is supposed to exist in the other
cells, respectively. In this case, in the subframe of one
timing point, mobile stations of 73 pieces=6 cells310
pieces+13 cellsx1 piece are accommodated in the entire
area.
[0105] On the other hand, after performing stop control
of the MBSFN transmission, the MBSFN subframe is
supposed to be continuously transmitted in the cells #2,
#4, #6, #10, #14, and #18. On the other hand, transmis-
sion of the MBSFN subframe is supposed to be stopped
in the other cells. Further, mobile stations existing in the
cell in which the MBSFN transmission is stopped are sup-
posed to receive the MBSFN subframe from the cells #2,
#4, #6, #10, #14, and #18.
[0106] Suppose further that in the cell in which the
MBSFN transmission is stopped, a normal subframe is
transmitted in place of the MBSFN subframe. The normal
subframe is supposed to be capable of accommodating
ten mobile stations which, receive user data except the
MBMS data. In this case, in addition to the 73 mobile
stations which receive the MBMS data, the subframe of
one timing point accommodates mobile stations of 130
pieces=13 cellsx10 pieces in the entire area. In the
above-described example, when stop control of the MBS-
FN transmission is performed, the number of mobile sta-
tions which are capable of being accommodated through
a subframe of certain timing point increases to about 2.8
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times.
[0107] For more suppressing the number of the base
stations which perform the MBSFN transmission, the mo-
bile station 300 preferably receives the MBMS data from
a farther base station. To cope with the above problem,
think of a method in which the base station which per-
forms the MBSFN transmission increases transmission
power of the MBSFN subframe.
[0108] FIG. 17 illustrates transmission power control
of the base station. In FIG. 17, subframes #n-1 and #n+1
are normal subframes and a subframe #n is an MBSFN
subframe. A base station which transmits these sub-
frames transmits the subframes #n-1 and #n+1 by using
normal transmission power, and on the other hand, trans-
mits the subframe #n by using transmission power great-
er than the normal transmission power. At this time, in a
boundary between the subframes #n-1 and #n and be-
tween the subframes #n and #n+l, transmission power
may be stepwise changed. Through the process, gener-
ation of noises is suppressed as compared with the case
where transmission power is rapidly changed. When a
high frequency component of transmission signals is re-
moved by using a cosine filter with respect to the trans-
mission signals, generation of noises is further sup-
pressed.
[0109] FIG. 18 is another diagram illustrating an exam-
ple of the MBSFN area. In the case where transmission
power of the MBSFN subframe is greater than that of the
normal subframe, cell radius of peripheral cells are
viewed to be long from the mobile station 300 only at the
time of performing the MBSFN transmission. As a result,
the mobile station 300 receives the MBMS data from a
plurality of base stations and improves the reception
quality.
[0110] According to the above-described mobile com-
munication system of the second embodiment, when the
number of subordinate mobile stations which receive the
MBMS data is small and the subordinate mobile stations
are capable of receiving the MBMS data from other base
stations, the base station 100 stops transmitting the
MBSFN. Therefore, the base station 100 provides an
MBSFN area in which base stations which perform the
MBSFN transmission and base stations which do not per-
form the MBSFN transmission mixedly exist, and im-
proves utilization efficiency of radio resources. Further,
the base station 100 smoothly controls the mobile station
300 to receive the MBMS data from base stations which
perform the MBSFN transmission.

(Third Embodiment)

[0111] A third embodiment will be described below.
Since the third embodiment shares some elements with
the foregoing second embodiment, the following discus-
sion will focus on their distinctive points, omitting expla-
nations of similar elements. A mobile communication sys-
tem according to the third embodiment differs from that
of the second embodiment in a method for determining

whether to perform MBSFN transmission through a base
station.
[0112] The mobile communication system according
to the third embodiment is deployed by using the same
system configuration as that of the second embodiment
illustrated in FIG. 2. Further, a base station and mobile
station according to the third embodiment are deployed
by using the same block configurations as those of the
second embodiment illustrated in FIGS. 5 and 7. Note
that an MBSFN transmission controller 140 described
below is used in place of the MBSFN transmission con-
troller 120.
[0113] FIG. 19 is a block diagram illustrating the MBS-
FN transmission controller according to the third embod-
iment. The MBSFN transmission controller 140 has an
efficiency threshold storage unit 141, a transmission ef-
ficiency determination unit 142, a quality threshold stor-
age unit 143, a quality determination unit 144, a trans-
mission determination unit 145, and a measurement re-
quest controller 146.
[0114] The efficiency threshold storage unit 141 stores
a threshold of transmission efficiency used to determine
whether the base station 100 preferably stops the MBS-
FN transmission. The transmission efficiency is an index
illustrating utilization efficiency of radio resources about
the MBSFN transmission. For example, the transmission
efficiency is defined as a rate (namely, a usage rate of
radio resources in the MBSFN subframe) of the total
amount of the MBMS data transmitted by the base station
100 to the amount of radio resources in the MBSFN sub-
frame.
[0115] When an MBSFN request is obtained from the
MBSFN request extraction unit 117, the transmission ef-
ficiency determination unit 142 calculates transmission
efficiency in the case where the base station 100 trans-
mits the requested MBMS data. The transmission effi-
ciency determination unit 142 then compares the calcu-
lated transmission efficiency with a threshold stored in
the efficiency threshold storage unit 141 and notifies the
transmission determination unit 145 whether the trans-
mission efficiency is greater than or equal to the thresh-
old. When detecting that mobile stations which receive
the MBMS data are reduced among the mobile stations
connected to the base station 100, the transmission ef-
ficiency determination unit 142 further recalculates the
transmission efficiency and notifies the transmission de-
termination unit 145 whether the transmission efficiency
is greater than or equal to the threshold. Note that infor-
mation on the data amount of each MBMS data is re-
ceived from the MCE 410.
[0116] When the MBSFN request is obtained from the
MBSFN request extraction unit 117, the transmission de-
termination unit 145 transfers the MBSFN request to the
MCE 410. When notified by the transmission efficiency
determination unit 142 that the transmission efficiency is
smaller than the threshold, the transmission determina-
tion unit 145 notifies the measurement request controller
146 that the measurement request is transmitted. When
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notified by the quality determination unit 144 that the re-
ception quality is higher than or equal to the threshold,
the transmission determination unit 145 then requests
the MCE 410 to stop transmitting the MBMS data and
notifies the MBSFN control signal generation unit 131 of
the instruction to cause the mobile station 300 to receive
the MBMS data from other base stations.
[0117] Through the reduction in the number of the mo-
bile stations which receive the MBMS data, when notified
by the transmission efficiency determination unit 142 that
the transmission efficiency is smaller than the threshold,
the transmission determination unit 145 controls the base
station 100 not to transmit the MBMS data in the same
manner as in the case of obtaining the MBSFN request.
[0118] Operations of the quality threshold storage unit
143, quality determination unit 144, and measurement
request controller 146 are the same as those of the quality
threshold storage unit 122, quality determination unit
123, and measurement request controller 125 of the
MBSFN transmission controller 120.
[0119] FIG. 20 is a flowchart illustrating the transmis-
sion start control according to the third embodiment. The
control process illustrated in FIG. 20 includes the follow-
ing steps:

(Step S31) The base station 100 receives the MBS-
FN request from the mobile station 300.
(Step S32) The transmission efficiency determina-
tion unit 142 calculates transmission efficiency of the
MBSFN subframe in the case where the base station
100 transmits the requested MBMS data.
(Step S33) The transmission efficiency determina-
tion unit 142 determines whether the transmission
efficiency calculated at step S32 is smaller than a
predetermined threshold. If so, the process advanc-
es to step S34. If not, the process proceeds to step
S39.
(Step S34) The measurement request controller 146
searches for a base station which currently performs
the MBSFN transmission among the peripheral base
stations.
(Step S35) The measurement request controller 146
determines whether a base station which performs
the MBSFN transmission exists. If so, the process
advances to step S36. If not, the process proceeds
to step S39.
(Step S36) The base station 100 transmits to the
mobile station 300 a measurement request including
information illustrating a base station which performs
the MBSFN transmission. The base station 100 then
receives quality information on the base station no-
tified of, from the mobile station 300.
(Step S37) The quality determination unit 144 deter-
mines whether reception quality indicated by the
quality information received from the mobile station
300 satisfies criteria. If so, the process advances to
step S38. If not, the process proceeds to step S39.
(Step S38) The base station 100 notifies the mobile

station 300 that the MBMS data is received from oth-
er base stations which perform the MBSFN trans-
mission.
(Step S39) The base station 100 transmits the
MBMS data requested from the mobile station 300.
The mobile station 300 receives the MBMS data also
from the base station 100.

[0120] Through the above steps, even in the case
where the MBSFN request is received from the mobile
station 300, when transmission efficiency of the MBSFN
subframe is smaller than the threshold and reception
quality of the mobile station 300 is higher than or equal
to the threshold, the base station 100 does not transmit
the requested MBMS data.
[0121] FIG. 21 is a first flowchart illustrating the trans-
mission stop control according to the third embodiment.
As a first method, the following section will now discuss
the case where the reception quality of the mobile station
300 is not set to be higher than or equal to the threshold
as a condition. The control process illustrated in FIG. 21
includes the following steps:

(Step S41) Among the mobile stations connected to
the base station 100, the transmission efficiency de-
termination unit 142 detects that mobile stations
which receive the MBMS data from the base station
100 are reduced.
(Step S42) The transmission efficiency determina-
tion unit 142 calculates transmission efficiency of the
MBSFN subframe in the reduced number of the mo-
bile stations.
(Step S43) The transmission efficiency determina-
tion unit 142 determines whether the transmission
efficiency calculated at step S42 is smaller than the
predetermined threshold. If so, the process pro-
ceeds to step S44. If not, the process ends.
(Step S44) From among peripheral base stations,
the measurement request controller 146 searches
for a base station which currently performs the MBS-
FN transmission.
(Step S45) The measurement request controller 146
determines whether the base station which performs
the MBSFN transmission exists. If so, the process
proceeds to step S46. If not, the process ends.
(Step S46) The base station 100 notifies the mobile
station 300 that the MBMS data is received from oth-
er base stations which perform the MBSFN trans-
mission.
(Step S47) The base station 100 stops transmitting
the MBMS data received from its own station by the
mobile station 300.

[0122] FIG. 22 is a second flowchart illustrating the
transmission stop control according to the third embod-
iment. As a second method, the following section will now
discuss the case where the reception quality of the mobile
station 300 is set to be higher than or equal to the thresh-
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old as a condition. In the control process illustrated in
FIG. 22, steps S45a and S45b described below are per-
formed between steps S45 and S46 of the control proc-
ess illustrated in FIG. 21.

(Step S45a) The base station 100 transmits to the
mobile station 300 a measurement request including
information indicating the base station which per-
forms the MBSFN transmission. The base station
100 then receives the quality information on the base
station notified of, from the mobile station 300.
(Step S45b) The quality determination unit 144 de-
termines whether reception quality indicated by the
quality information received from the mobile station
300 satisfies criteria. If so, the process proceeds to
step S46. If not, the process ends.

[0123] Through the above steps, when the transmis-
sion efficiency of the MBSFN subframe is smaller than
the threshold, the base station 100 stops receiving the
MBMS data. Or, alternatively, in the case where the trans-
mission efficiency of the MBSFN subframe is smaller
than the threshold and the reception quality of the mobile
station which receives the MBMS data is higher than or
equal to the threshold, the base station 100 stops trans-
mitting the MBMS data.
[0124] In the above-described mobile communication
system according to the second embodiment, the base
station 100 is configured to stop the MBSFN transmission
when transmission efficiency of the MBSFN subframe is
low and subordinate mobile stations are capable of re-
ceiving the MBMS data from other base stations. Accord-
ingly, the base station 100 provides an MBSFN area in
which base stations which perform the MBSFN transmis-
sion and base stations which do not perform the MBSFN
transmission mixedly exist, and improves utilization effi-
ciency of radio resources. Further, the base station 100
smoothly controls the mobile station 300 to receive the
MBMS data from a base station which performs the MBS-
FN transmission.
[0125] In addition, one determination method based
on the number of the mobile stations which receive the
MBMS data according to the second embodiment and
another determination method based on the transmis-
sion efficiency according to the third embodiment may
be used in combination thereof. For example, when the
number of the mobile stations is smaller than the thresh-
old and the transmission efficiency is smaller than the
threshold, the base station 100 may instruct the mobile
station 300 to receive the MBMS data from other base
stations.

(Fourth Embodiment)

[0126] A fourth embodiment will be described below.
Since the fourth embodiment shares some elements with
the foregoing second embodiment, the following discus-
sion will focus on their distinctive points, omitting expla-

nations of similar elements. In a mobile communication
system according to the fourth embodiment, an MCE de-
termines whether a base station performs the MBSFN
transmission.
[0127] The mobile communication system according
to the fourth embodiment is deployed by using the same
system configuration as that of the second embodiment
illustrated in FIG. 2. Further, a base station and mobile
station according to the fourth embodiment are deployed
by using the same block configurations as those of the
second embodiment illustrated in FIGS. 5 and 7. Note
that an MBSFN transmission controller 150 described
below is used in place of the MBSFN transmission con-
troller 120. An MCE 420 described below is further used
in place of the MCE 410.
[0128] FIG. 23 is a block diagram illustrating an MBS-
FN transmission controller according to the fourth em-
bodiment. The MBSFN transmission controller 150 has
a quality information summarization unit 151, a quality
information storage unit 152, an MCE communication
unit 153, and a measurement request controller 154.
[0129] When quality information about the MBSFN
transmission is produced from the quality information ex-
traction unit 114, the quality information summarization
unit 151 stores the produced quality information in the
quality information storage unit 152. The quality informa-
tion summarization unit 151 then summarizes the quality
information stored in the quality information storage unit
152 and supplies it to the MCE communication unit 153.
At this time, in the case where the quality information is
information indicating reception quality of each base sta-
tion which performs the MBSFN transmission, the quality
information summarization unit 151 may carry out statis-
tical treatment of the indicated reception qualities and
calculate reception quality of the entire two or more base
stations, thereby supplying it as the summarized quality
information.
[0130] The quality information storage unit 152 re-
ceives the MBSFN request from the MBSFN request ex-
traction unit 117 and the quality information from the qual-
ity information summarization unit 151. The quality infor-
mation storage unit 152 then stores the quality informa-
tion correspondingly to the mobile station which transmits
the MBSFN request.
[0131] The MCE communication unit 153 transmits
and receives various control parameters between the
base station 100 and the MCE 420. Specifically, the MCE
communication unit 153 transfers the MBSFN request
produced from the MBSFN request extraction unit 117
to the MCE 420. When the measurement request is re-
ceived from the MCE 420, the MCE communication unit
153 supplies it to the measurement request controller
154. The MCE communication unit 153 further transfers
to the MCE 420 the quality information produced from
the quality information summarization unit 151. When
control parameters about the instruction to cause the mo-
bile station 300 to receive the MBMS data from base
stations except the base station 100 are received from

29 30 



EP 2 566 253 A1

17

5

10

15

20

25

30

35

40

45

50

55

the MCE 420, the MCE communication unit 153 notifies
the MBSFN control signal generation unit 131 of the in-
struction.
[0132] When the measurement request is produced
from the MCE communication unit 153, the measurement
request controller 154 notifies the measurement request
generation unit 132 of the base station which performs
the MBSFN transmission.
[0133] FIG. 24 is a block diagram illustrating an MCE
according to the fourth embodiment. The MCE 420 in-
cludes the following elements: a mobile station number
management unit 421, a quality threshold storage unit
422, a quality determination unit 423, a transmission de-
termination unit 424, an MBSFN transmission controller
425, and a scheduler 426.
[0134] With respect to each of the plurality of base sta-
tions, the mobile station number management unit 421
manages the number of the mobile stations which receive
the MBMS data from the base station among the mobile
stations connected to the base station.
[0135] The quality threshold storage unit 422 stores a
threshold of the reception quality used to determine
whether the mobile station 300 receives the MBMS data
from other base stations.
[0136] When quality information about the MBSFN
transmission is received from the base station 100, the
quality determination unit 423 compares reception qual-
ity indicated by the quality information with a threshold
stored in the quality threshold storage unit 422. The qual-
ity determination unit 423 then notifies the transmission
determination unit 424 whether the reception quality is
higher than or equal to the threshold.
[0137] When the MBSFN request is received from the
base station 100, the transmission determination unit 424
compares the number of the mobile stations managed
by the mobile station number management unit 421 with
the predetermined threshold. In the case where the
number of the mobile stations is smaller than the thresh-
old, the transmission determination unit 424 transmits a
measurement request to the base station 100. When no-
tified by the quality determination unit 423 that the recep-
tion quality is higher than or equal to the threshold, the
transmission determination unit 424 notifies the MBSFN
transmission controller 425 that transmission of the
MBMS data is stopped.
[0138] When detecting that the number of the mobile
stations which receive the MBMS data is reduced, the
transmission determination unit 424 compares the
number of the mobile stations managed by the mobile
station number management unit 421 with the predeter-
mined threshold. In the case where the number of the
mobile stations is smaller than the threshold, in the same
manner as in the case of obtaining the MBSFN request,
the transmission determination unit 424 notifies the MBS-
FN transmission controller 425 that transmission of the
MBMS data is stopped. At this time, in addition to the fact
that the number of the mobile stations is smaller than the
threshold, the reception quality may be set to be higher

than or equal to the threshold as a condition.
[0139] According to the notification from the transmis-
sion determination unit 424, the MBSFN transmission
controller 425 transmits the MBSFN control parameters
to the base station which performs the MBSFN transmis-
sion and the MBMS gateway 520. To the base station
100, for example, the MBSFN transmission controller 425
transmits control parameters indicating the instruction for
causing the mobile station 300 to receive the MBMS data
from base stations except the base station 100. To the
base station which performs the MBSFN transmission,
the MBSFN transmission controller 425 further transmits
information indicating the radio resources or modulation
and coding scheme used to transmit the MBMS data. To
the MBMS gateway 520, the MBSFN transmission con-
troller 425 further transmits information indicating the
base station which transmits the MBMS data.
[0140] The scheduler 426 schedules the MBSFN
transmission. Specifically, the scheduler 426 selects ra-
dio resources or modulation and coding scheme used to
transmit the MBMS data. The scheduler 426 further se-
lects timing of the MBSFN transmission or slot used to
perform the MBSFN transmission.
[0141] FIG. 25 is a sequence diagram illustrating a flow
of the transmission start according to the fourth embod-
iment. The sequence illustrated in FIG. 25 includes the
following steps:

(Step S211) The mobile station 300 transmits the
MBSFN request to the base station 100.
(Step S212) The base station 100 transfers the MBS-
FN request to the MCE 420.
(Step S213) The MCE 420 confirms that perform-
ance conditions in the MBSFN transmission of the
base station 100 satisfy a predetermined condition,
and transmits a measurement request to the base
station 100.
(Step S214) The base station 100 transfers the
measurement request to the mobile station 300.
(Step S215) The base station 200 transmits a syn-
chronization signal through a DL radio frame. The
mobile station 300 synchronizes with the base sta-
tion 200 by using the received synchronization sig-
nal.
(Step S216) The base station 200 transmits a refer-
ence signal through the DL radio frame. The mobile
station 300 measures reception quality about the
MBSFN transmission by using the received refer-
ence signal.
(Step S217) To the base station 100, the mobile sta-
tion 300 transmits quality information indicating the
reception quality about the MBSFN transmission
measured at step S216.
(Step S218) The base station 100 transfers the qual-
ity information to the MCE 420.
(Step S219) The MCE 420 confirms that the recep-
tion quality indicated by the quality information sat-
isfies a predetermined condition. The MCE 420 fur-
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ther transmits to the base station 100 an MBSFN
stop notification indicating that the base station 100
does not transmit the MBMS data requested by the
mobile station 300.
(Step S220) The MCE 420 transmits to the base sta-
tion 100 the instruction for causing the mobile station
300 to receive the MBMS data from base stations
except the base station 100.
(Step S221) The base station 100 transfers the in-
struction received from the MCE 420 to the mobile
station 300.
(Step S222) The MCE 420 transmits the control pa-
rameters about the MBMS data requested by the
mobile station 300 to the base stations which include
the base station 200 and perform the MBSFN trans-
mission.
(Step S223) The MCE 420 transmits the control pa-
rameters about the MBMS data requested by the
mobile station 300 to the MBMS gateway 520.
(Step S224) The MBMS gateway 520 transmits the
MBMS data to the base stations which include the
base station 200 and perform the MBSFN transmis-
sion.
(Step S225) The base station 200 generates an
MBSFN control signal based on the MBSFN control
parameters received at step S222, and transmits it
through the MBSFN subframe.
(Step S226) The base station 200 transmits the
MBMS data received at step S224 through the MBS-
FN subframe.

[0142] FIG. 26 is a sequence diagram illustrating a flow
of the transmission stop according to the fourth embod-
iment. The sequence illustrated in FIG. 26 includes the
following steps:

(Step S231) Among the mobile stations connected
to the base station 100, the MCE 420 detects that
the number of the mobile stations which receive the
MBMS data from the base station 100 is reduced.
(Step S232) The MCE 420 confirms that perform-
ance conditions in the MBSFN transmission of the
base station 100 satisfy a predetermined condition,
and transmits a measurement request to the base
station 100.
(Step S233) The base station 100 transfers the
measurement request to the mobile station 300.

[0143] Hereinafter, the same processes as those of
steps S215 to S226 of FIG. 25 are performed as steps
S234 to S245.
[0144] The fourth embodiment provides a mobile com-
munication system in which the base station 100 obtains
the same effect as that of the second embodiment. In the
fourth embodiment, since the MCE 420 determines in a
unified manner whether a plurality of base stations each
perform MBSFN transmission, the mobile communica-
tion system efficiently performs determination.

(Fifth Embodiment)

[0145] A fifth embodiment will be described below.
Since the fifth embodiment shares some elements with
the foregoing fourth embodiment, the following discus-
sion will focus on their distinctive points, omitting expla-
nations of similar elements. In a mobile communication
system of the fifth embodiment, the base station 100 de-
termines based on transmission efficiency whether to
perform MBSFN transmission in the same manner as in
the third embodiment. The mobile communication sys-
tem of the fifth embodiment is deployed by using the
same base station and mobile station as those of the
fourth embodiment. In the fifth embodiment, an MCE 430
described below is used in place of the MCE 420.
[0146] FIG. 27 is a block diagram illustrating an MCE
according to the fifth embodiment. The MCE 430 includes
the following elements: an efficiency threshold storage
unit 431, a transmission efficiency determination unit
432, a quality threshold storage unit 433, a quality deter-
mination unit 434, a transmission determination unit 435,
an MBSFN transmission controller 436, and a scheduler
437.
[0147] The efficiency threshold storage unit 431 stores
thresholds of transmission efficiency.
[0148] When an MBSFN request is received from the
base station 100, the transmission efficiency determina-
tion unit 432 calculates transmission efficiency in the
case where the base station 100 transmits the requested
MBMS data. The transmission efficiency determination
unit 432 then notifies the transmission determination unit
435 whether the calculated transmission efficiency is
greater than or equal to the threshold stored in the effi-
ciency threshold storage unit 431. When detecting that
mobile stations which receive the MBMS data are re-
duced among the mobile stations connected to the base
station 100, the transmission efficiency determination
unit 432 recalculates transmission efficiency and notifies
the transmission determination unit 435 whether the
transmission efficiency is greater than or equal to the
threshold. In addition, the total amount of the MBMS data
transmitted by the base station 100 is specified based
on the information produced from the MBSFN transmis-
sion controller 436 and the scheduler 437.
[0149] Upon receipt of the MBSFN request from the
base station 100, when notified by the transmission effi-
ciency determination unit 432 that the transmission effi-
ciency is smaller than the threshold, the transmission de-
termination unit 435 transmits a measurement request
to the base station 100. Afterward, when notified by the
quality determination unit 434 that the reception quality
is higher than or equal to the threshold, the transmission
determination unit 435 notifies the MBSFN transmission
controller 436 that transmission of the MBMS data is
stopped.
[0150] Based on the reduction in the number of the
mobile stations which receive the MBMS data, the trans-
mission determination unit 435 is notified by the trans-
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mission efficiency determination unit 432 that the trans-
mission efficiency of the base station 100 is smaller than
the threshold. At this time, in the same manner as in the
case of obtaining the MBSFN request, the transmission
determination unit 435 notifies the MBSFN transmission
controller 436 that transmission of the MBMS data is
stopped. At this time, in addition to the condition that the
transmission efficiency is smaller than the threshold, the
reception quality of the mobile station 300 may be set to
be higher than or equal to the threshold as a condition.
[0151] Operations of the quality threshold storage unit
433, quality determination unit 434, MBSFN transmission
controller 436, and scheduler 437 are the same as those
of the quality threshold storage unit 422, quality determi-
nation unit 423, MBSFN transmission controller 425, and
scheduler 426 of the MCE 420.
[0152] The fifth embodiment provides a mobile com-
munication system in which the base station 100 obtains
the same effect as that of the third embodiment. Since
the MCE 430 determines in a unified manner whether a
plurality of base stations each perform MBSFN transmis-
sion, these features of the fifth embodiment permit the
base station 100 to efficiently perform determination.

(Sixth Embodiment)

[0153] A sixth embodiment will be described below.
Since the sixth embodiment shares some elements with
the foregoing second embodiment, the following discus-
sion will focus on their distinctive points, omitting expla-
nations of similar elements. In a mobile communication
system according to the sixth embodiment, a mobile sta-
tion determines whether reception quality about MBSFN
transmission is higher than a predetermined threshold.
In the mobile communication system of the sixth embod-
iment, a mobile station 300a described below is used in
place of the foregoing mobile station 300.
[0154] FIG. 28 is a block diagram illustrating the mobile
station according to the sixth embodiment. In addition to
block elements of the mobile station 300 illustrated in
FIG. 7, the mobile station 300a has a quality threshold
storage unit 326 and a quality determination unit 327.
[0155] The quality threshold storage unit 326 stores
thresholds of the reception quality used to determine
whether the mobile station 300a receives the MBMS data
from base stations except the base station 100.
[0156] The quality determination unit 327 obtains
measurement results of the reception quality from the
quality measurement unit 322, and compares the meas-
ured reception quality with the threshold stored in the
quality threshold storage unit 326. At this time, in the case
where the obtained measurement result is information
indicating reception quality of each base station which
performs the MBSFN transmission, the quality determi-
nation unit 327 carries out statistical treatment of the in-
dicated reception qualities and calculates reception qual-
ity of the entire two or more base stations, thereby com-
paring it with the threshold. As quality information about

the MBSFN transmission, the quality determination unit
327 then generates information indicating whether the
reception quality is higher than or equal to the threshold.
[0157] The quality information indicating whether the
reception quality is higher than or equal to the threshold
is transmitted to the base station 100 via the MBSFN
reception controller 316. Based on the quality information
as a determination result, the base station 100 deter-
mines whether MBSFN transmission is stopped.
[0158] The sixth embodiment provides a mobile com-
munication system in which the mobile station 300 ob-
tains the same effect as that of the second embodiment.
Since the mobile station 300 determines whether recep-
tion quality satisfies criteria and notifies the base station
100 of determination results, these features of the sixth
embodiment permit the mobile station 300 to reduce the
load on the base station 100 and suppress the informa-
tion amount of control parameters.

(Seventh Embodiment)

[0159] A seventh embodiment will be described below.
Since the seventh embodiment shares some elements
with the foregoing second embodiment, the following dis-
cussion will focus on their distinctive points, omitting ex-
planations of similar elements. In a mobile communica-
tion system according to the seventh embodiment, func-
tions of MCE are mounted on a base station, and the
MCE is not provided as an independent device.
[0160] FIG. 29 illustrates the mobile communication
system according to the seventh embodiment. The mo-
bile communication system according to the seventh em-
bodiment has a plurality of base stations including base
stations 100a and 200a, the mobile station 300, MME
510, and MBMS gateway 520.
[0161] At least one base station (e.g., base station
100a) of a plurality of base stations existing in an MBSFN
area has a function of the MCE, namely, a function of
controlling MBSFN transmission. A base station having
no MCE function transmits and receives control param-
eters between its own station and a base station having
an MCE function via a wired network, thereby performing
the MBSFN transmission.
[0162] The seventh embodiment provides a mobile
communication system in which the base station 100a
obtains the same effect as that of the second embodi-
ment. Since the MCE may not have to be provided as a
separate device, a system configuration may be simpli-
fied.
[0163] The foregoing is considered as illustrative only
of the principles of the present invention. Further, since
numerous modifications and changes will readily occur
to those skilled in the art, it is not desired to limit the
invention to the exact construction and applications
shown and described, and accordingly, all suitable mod-
ifications and equivalents may be regarded as falling
within the scope of the invention in the appended claims
and their equivalents.

35 36 



EP 2 566 253 A1

20

5

10

15

20

25

30

35

40

45

50

55

Reference Signs List

[0164]

10, 21, 22 Base station
11 Notification unit
12 Controller
30 Mobile station
31 Transmitter
32 Receiver

Claims

1. A mobile communication system comprising:

a plurality of base stations; and
a mobile station,
wherein:

among the plurality of base stations, two or
more base stations transmit data of the
same content at the same timing;
a base station among the plurality of base
stations includes a notification unit which
notifies the mobile station of the two or more
other base stations transmitting the data of
the same content among the plurality of
base stations, and a controller which in-
structs the mobile station to receive the data
of the same content from the two or more
other base stations according to information
indicating reception conditions in the mobile
station of radio signals from the two or more
other base stations; and
the mobile station includes a transmitter
which transmits information indicating re-
ception conditions of radio signals from the
two or more other base stations notified of
from the base station, and a receiver which
receives the data of the same content from
the two or more other base stations accord-
ing to an instruction from the base station.

2. The mobile communication system according to
claim 1, wherein when instructing the mobile station
to receive the data of the same content from the two
or more other base stations, the controller controls
the base station not to transmit the data of the same
content.

3. The mobile communication system according to
claim 1, wherein the receiver receives data except
the data of the same content transmitted by the two
or more other base stations from the base stations.

4. The mobile communication system according to
claim 1, wherein the receiver receives a control sig-

nal used to receive the data of the same content from
the two or more other base stations from the base
stations.

5. The mobile communication system according to
claim 1, wherein the notification unit notifies the mo-
bile station of the two or more other base stations
according to transmission conditions of data of the
same content transmitted by the base stations.

6. The mobile communication system according to
claim 5, wherein:

for transmission conditions of data of the same
content, the number of mobile stations which re-
ceive data of the same content is used among
a plurality of mobile stations connected to the
base station including the mobile station; and
when the number of the mobile stations is small-
er than a predetermined threshold, the notifica-
tion unit notifies the mobile station of the two or
more other base stations.

7. The mobile communication system according to
claim 5, wherein:

for transmission conditions of data of the same
content, transmission efficiency calculated
based on the data amount of the same content
transmitted by the base station and the amount
of radio resources capable of being used to
transmit the data of the same content is used;
and
when the transmission efficiency is smaller than
a predetermined threshold, the notification unit
notifies the mobile station of the two or more
other base stations.

8. The mobile communication system according to
claim 1, wherein the notification unit receives a re-
quest of data of the same content from the mobile
station and notifies the mobile station of the two or
more other base stations.

9. The mobile communication system according to
claim 1, wherein the notification unit notifies the mo-
bile station of the two or more other base stations in
response to a reduction in mobile stations which re-
ceive data of the same content among a plurality of
mobile stations connected to the base station includ-
ing the mobile station.

10. The mobile communication system according to
claim 1, wherein when reception quality indicated by
information indicating the reception conditions sat-
isfies a predetermined condition, the controller in-
structs the mobile station to receive data of the same
content from the two or more other base stations.
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11. The mobile communication system according to
claim 1, wherein:

the two or more other base stations each trans-
mit data of the same content and other data in
time division; and
the mobile station further includes a measure-
ment unit which measures, for the reception con-
ditions, reception quality of radio signals in du-
ration in which the other data is transmitted re-
garding each of the two or more other base sta-
tions.

12. The mobile communication system according to
claim 1, wherein:

the two or more other base stations each trans-
mit data of the same content and other data in
time division; and
the mobile station further includes a measure-
ment unit which measures, for the reception con-
ditions, reception quality of signals in which radio
signals from the two or more other base stations
are combined in duration in which data of the
same content is transmitted.

13. A base station for use in a mobile communication
system to include a plurality of base stations and in
which two or more base stations transmit data of the
same content at the same timing among the plurality
of base stations, the base station comprising:

a notification unit configured to notify a mobile
station of two or more other base stations which
transmit the data of the same content among
the plurality of base stations; and
a controller configured to instruct the mobile sta-
tion to receive the data of the same content from
the two or more other base stations according
to information indicating reception conditions in
the mobile station of radio signals from the two
or more other base stations notified of, received
from the mobile station.

14. A mobile station for use in a mobile communication
system which includes a plurality of base stations
and in which two or more base stations transmit data
of the same content at the same timing among the
plurality of base stations, the mobile station compris-
ing:

a transmitter configured to receive notifications
of two or more second base stations which trans-
mit the data of the same content among the plu-
rality of base stations from a first base station
among the plurality of base stations and transmit
information indicating reception conditions of ra-
dio signals from the two or more second base

stations to the first base station; and
a receiver configured to receive data of the same
content from the two or more other base stations
according to an instruction received from the
base station after transmitting information indi-
cating the reception conditions.

15. A radio communication method for use in a mobile
communication system which includes a plurality of
base stations and in which two or more base stations
transmit data of the same content at the same timing
among the plurality of base stations, the radio com-
munication method comprising:

notifying, by a first base station among the plu-
rality of base stations, a mobile station of two or
more second base stations which transmit the
data of the same content among the plurality of
base stations;
transmitting, by the mobile station, information
indicating reception conditions in the mobile sta-
tion of radio signals from the two or more second
base stations notified of, to the first base station;
and
instructing, by the first base station, the mobile
station to receive the data of the same content
from the two or more second base stations ac-
cording to information indicating the reception
conditions.
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